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Background: Systemic lupus erythematosus (SLE) affects central and peripheral nervous 
systems, manifesting neuropsychiatric disorders that vary from subtle signs to life-threatening 
complications. This study compared the risk of epilepsy between a general population and 
patients with SLE. 

Methods: From the national insurance claims data of the Taiwan National Health Research 
Institutes, we identified 32,301 patients with newly diagnosed SLE from 1997-2010 and, for 
comparison, 129,204 randomly selected people without SLE; the frequencies of both groups 
were matched by sex, age, and diagnosis date. The incidence of epilepsy was estimated for both 
cohorts by the end of 2010. 

Results: The incidence of epilepsy was 2.86-fold higher in the SLE cohort than in the non-SLE 
cohort (9.10 per 1 0,000 person-years versus 3.18 per 1 0,000 person-years), with a Cox method 
estimated adjusted hazard ratio (aHR) of 2.33 (95% confidence interval [CI] =1.89-2.88) for 
the SLE cohort. The incidence increased with age in the non-SLE cohort, while it decreased 
with the increase of age in the SLE cohort. Compared with the non-SLE cohort, the age-specific 
aHR of epilepsy for the SLE cohort decreased from 8.05 (95% CI =4.30-15.0) for those aged 
<20 years to 0.90 (95% CI =0.57-1.42) for those aged 60 years and above (P=0M). Comor- 
bidities that had a significant association with epilepsy included infarction (aHR =7.62), intrac- 
erebral hemorrhage (aHR =5.75), aseptic meningoencephalitis (aHR =5.35), and psychiatric 
disorder (aHR =3.31). 

Conclusion: Patients with SLE are at higher risk of epilepsy than the general population, 
especially younger SLE patients. Neurologic comorbidities and psychiatric disorders increase 
the epilepsy risk further. 

Keywords: epilepsy, incidence, lupus, health insurance data, cohort study 

Introduction 

Systemic lupus erythematosus (SLE) is a well-known inflammatory autoimmune 
disease, causing dysfunction and damage to systemic organ and nervous systems. 13 
Neuropsychiatric manifestations, common in SLE patients, involve active systemic 
diseases, psychiatric and neurologic disorders, and they lead to other complications 
and increased mortality. 4 5 The American College of Rheumatology (ACR) has defined 
19 neuropsychiatric manifestations of SLE (NPSLE) that include several neurologi- 
cal disorders. 6 The ACR formulated a nomenclature system to define the 19 forms of 
NPSLE, including central and peripheral neuropathy. 7 8 The Systemic Lupus Inter- 
national Collaborating Clinics criteria published in 2012 also include some of these 
SLE syndromes. c) 

Among these conditions, seizures are recognized as either a direct result 
of the primary complication or as the secondary proinflammatory process of 
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SLE. 10 - 11 Cross-sectional and follow-up studies have 
reported that 6.7%-14.4% of patients with SLE suffer from 
seizures. 5 - 812 In a 7.8-year follow-up study, Appenzeller 
etal 8 identified 60 (11.6%) epileptic seizures in 519 SLE 
patients, with 19 episodes appearing at the onset of SLE 
symptoms. In an Italian 10-year multicenter study, Govoni 
et al 13 followed a cohort of 959 SLE patients and found 14.4% 
with epileptic seizures. These studies show that epilepsy is 
the unfortunate consequence of SLE, occurring before or at 
the onset of SLE, or after diagnosis of the disease. However, 
most studies observed only patients with SLE, without using 
non-SLE subjects as a reference group for the risk compari- 
son. It is possible that SLE and seizures occur because of a 
coincidental coexistence, common to a primary disease that 
causes the epilepsy. 1415 

The relative risk of epilepsy occurring after the SLE 
diagnosis is, in fact, not clear. To the best of our knowledge, 
no cohort study has measured the risk of epilepsy for SLE 
patients compared to that for the general population. In this 
study, we thus investigate the age-specific mean prevalence 
and incidence of epilepsy in SLE patients and the gen- 
eral population by using the health insurance database in 
Taiwan. We further performed a retrospective cohort study 
to evaluate the risk of epilepsy between patients with and 
without SLE. 

Materials and methods 

Data sources 

The Department of Health in Taiwan incorporated 13 insur- 
ance programs into a universal National Health Insurance 
program in 1995. Since 1998, this program has provided 
health care coverage to 99% of the entire 23.74 million 
people in Taiwan. 16 With governmental authorization, the 
Taiwan National Health Research Institutes (NHRI) has been 
responsible for managing the insurance data. We obtained 
longitudinal claims datasets from the NHRI for the popula- 
tion insured in the period from 1997-2010. The NHRI had 
scrambled patient identifiers for privacy protection before 
the dataset was released to users. This study was exempted 
from full ethical review. 

Study subjects 

All diagnoses of diseases in the claims data were coded using 
the International Classification of Diseases, 9th Revision, 
Clinical Modification (ICD-9-CM). From the claims data, 
we identified 32,301 patients with SLE (ICD-9-CM code 
710.0), newly diagnosed as catastrophic illness patients in 
1997-2010, without a history of epilepsy, as the SLE cohort. 



Diagnosis of SLE followed the 1997 ACR classification 
criteria for SLE; 6 at least four criteria had to be met. The 
date of SLE diagnosis was used as the index date. Patients 
with missing information on age or sex at baseline were 
excluded. For each SLE case identified, four subjects without 
a history of SLE and epilepsy were randomly selected into 
the non-SLE cohort from the same insurance claims dataset, 
and were frequency-matched by age, sex, and the diagnosis 
month and year of SLE. 

Criteria and definition 

The follow-up time was estimated for each subject from 
the index date until the diagnosis of epilepsy, or until the 
subject was censored because of loss to follow-up, death, 
withdrawal from the insurance system, or to the end of 20 1 0. 
The comorbidities with a potential association with epilepsy 
were identified at baseline from the inpatient claims data, 
including psychiatric disorder (ICD-9-CM codes 295-296, 
300.0, 301, 307.40-307.49, and 309), aseptic meningoen- 
cephalitis (ICD-9-CM codes 322.2, 322.9, and 323.8-323.9), 
intracerebral hemorrhage (ICD-9-CM code 431), infarction 
(ICD-9-CM codes 433^134), headache (ICD-9-CM code 
784.0), and peripheral neuropathy (ICD-9-CM codes 337, 
356.4, 356.8, 356.9, and 357.4). 

Statistical analysis 

The data analysis first calculated the age-specific (<20 years, 
20-29 years, 30-39 years, 40-49 years, 50-59 years, 
60-69 years, and ^70 years) mean incidence and prevalence 
rates for both SLE patients and the general population from 
1997-2010. For the retrospective cohort study, we com- 
pared the distributions of sex, age (<20 years, 20-39 years, 
40-59 years, and £60 years), and comorbidities between 
the SLE and non-SLE cohorts, and we examined distribu- 
tions using the chi-square test for categorical variables and 
the Student's Mest for continuous variables. The sex- and 
age-specific incidence rates of epilepsy for both cohorts were 
calculated. Follow-up time was used to estimate the incidence 
density rate per 10,000 person-years by demographic status 
and comorbidity. The SLE cohort-to-non-SLE cohort inci- 
dence rate ratio (IRR) with a 95% confidence interval (CI) 
for each demographic variable and comorbidity was calcu- 
lated using Poisson regression analysis. A multivariable Cox 
proportion hazards regression model was used to assess the 
hazard ratio (HR) of epilepsy for the SLE cohort compared 
with the non-SLE cohort, with demographic characteris- 
tics and comorbid conditions included in the model. The 
Kaplan-Meier method was used to assess the age-specific 
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cumulative proportional incidence of epilepsy for the two 
cohorts by age, and the differences were tested with a log- 
rank test. SAS (version 9. 1 for Windows; SAS Institute Inc., 
Cary, NC, USA) was used for all statistical analyses. All 
significance levels were set at a P- value of 0.05. 

Results 

Figure 1 shows the mean age-specific average incidence and 
prevalence of epilepsy in the general population and among 
patients with SLE over the 1 4-year period. Both the incidence 
and prevalence rates in the general population were the low- 
est in the 20-30-year age group (0.14 per 100 and 0.50 per 
100, respectively), and they increased with age in a U-shaped 
trend to their highest levels in the 70 years and older group 
(3.5 per 100and7.0per 100, respectively). On the other hand, 
the incidence and prevalence of epilepsy in SLE patients 
were the highest in the youngest group (1.29 per 100 and 
1.94 per 100, respectively), which declined slightly and fell 
somewhat flat with increasing age. The incidence of epilepsy 
was 4.5-fold higher in SLE patients than in the general 
population (1.29 per 100 versus 0.29 per 100, respectively) 
for subjects aged <20 years. The incidence became 9.7-fold 
higher in the general population when compared to the SLE 
patients (3.50 per 100 versus 0.36 per 100). A cross-over in 
the incidence rates between SLE patients and the general 



population occurred in the 30-39-year-olds. Similar trends 
also appeared for the prevalence rates between SLE patients 
and the general population, with the cross-over occurring in 
the 30-39-year-old groups. 

For the retrospective cohort study, we established a 
cohort of 32,301 SLE patients and a non-SLE cohort of 
129,204 subjects. Age and sex distributions were similar 
in both the SLE and non-SLE cohorts with a mean age of 
44.3 years; the majority were women (86.1%) (Table 1). 
The SLE cohort, when compared to the non-SLE cohort, 
had a higher prevalence rate of comorbidities that included 
psychiatric disorders, aseptic meningoencephalitis, intra- 
cerebral hemorrhage, infarction, headache, and peripheral 
neuropathy (P<0.0001). 

In the longitudinal cohort analysis, the overall incidence 
of epilepsy was 2.86-fold higher in the SLE cohort than in 
the non-SLE cohort (9.10 per 10,000 person-years versus 
3.18 per 10,000 person-years) (Table 2), with a multivari- 
ate Cox model measured adjusted HR (aHR) of 2.33 (95% 
CI =1.89-2.88). The SLE cohort-to-non-SLE cohort IRR of 
epilepsy was higher for women than men (IRR =3.24; 95% 
CI =3.12-3.37 versus IRR =1.88; 95% CI =1.70-2.08). 
However, the aHR was significantly higher for men 
when compared with women, with an aHR of 1.49 (95% 
CI =1.18-1 .90) (data not shown). 
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Figure I Mean age-specific incidence and prevalence of epilepsy identified in the general population and in patients with SLE from 1997-2010 in Taiwan. 
Abbreviation: SLE, systemic lupus erythematosus. 
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Table 1 Demographic characteristics and comorbidities in patients with and without SLE 


Variable 


SLE 




P-value 




Yes 


No 






N=32,30l 


N= 129,204 




Sex 


n(%) 


n(%) 




Female 


27,828 (86.1) 


1 1 1,312 (86.1) 


0.99 


Male 


4,473 (13.9) 


17,892 (13.9) 




Age, mean (SD)* 


44.3 (17.9) 


44.3 (17.9) 


0.67 


<20 years 


3,088 (9.56) 


12,349 (9.56) 


0.95 


20-39 years 


10,366 (32.1) 


41,467 (32.1) 




40-59 years 


12,222 (37.8) 


48,885 (37.8) 




£60 years 


6,625 (20.5) 


26,503 (20.5) 




Comorbidity 








Psychiatric disorder 


1 (A flRt 


i Ton (\ n\ 


<U.UUU 1 


Aseptic meningoencephalitis 


415 (1.28) 


143 (0.1 1) 


<0.000l 


Intracerebral hemorrhage 


272 (0.84) 


768 (0.59) 


<0.000l 


Infarction 


1,050 (3.25) 


3,038 (2.35) 


<0.000l 


Headache 


489 (1.51) 


61 1 (0.47) 


<0.000l 


Peripheral neuropathy 


316 (0.98) 


145 (0.1 1) 


<0.000l 



Notes: Chi-square test; # two-sample t-test 

Abbreviations: SLE, systemic lupus erythematosus; N, total number; n, sample number; SD, standard deviation. 



We conducted a further data analysis to measure the 
epilepsy incidence by the type of epilepsy (generalized, 
partial, and unclassified seizures) (Table 3). Most cases 
were unclassified, with an SLE cohort-to-non-SLE cohort 
IRR of 2.74. The IRR was the highest for partial epilepsy. 



Table 4 shows that comorbidity increased the incidence of 
epilepsy. SLE patients with a comorbidity of intracerebral 
hemorrhage had the highest incidence of epilepsy (97.8 per 
10,000 person-years). However, SLE patients with infarction 
had the highest aHR of 7.62; 95% CI of 5.87-2.58, followed 



Table 2 Sex- 


and age-specifi 


c incidence of epilepsy and the SLE cohort-to- 


non-SLE cohort IRR and adjusted HR 


Variables 


SLE 












IRR (95% CI) 


Adjusted HR* (95% CI) 




Yes 






No 












Event 


PY 


Rate* 


Event 


PY 


Rate* 






All 


158 


173,659 


9.10 


233 


732,531 


3.18 


2.86 (2.76, 2.97)*** 


2.33 (1.89, 2.88)*** 


Sex 


















Female 


131 


151,173 


8.67 


169 


632,186 


2.67 


3.24 (3.12, 3.37)*** 


2.46 (1.94, 3.13)*** 


Male 


27 


22,486 


12.0 


64 


100,344 


6.38 


1.88 (1.70, 2.08)*** 


1.85 (1.17, 2.93)** 


Age, years 


















<20 years 


38 


20,997 


18.1 


15 


88,066 


1.70 


10.6 (9.36, 12.1)*** 


8.05 (4.30, 1 5.0)*** 


20-39 years 


57 


64,270 


8.87 


32 


257,212 


1.24 


7. 1 3 (6.67, 7.62)*** 


4.58 (2.88, 7.30)*** 


40-59 years 


41 


61,875 


6.63 


67 


264,550 


2.53 


2.62 (2.46, 2.78)*** 


2.02 (1.36, 3.01)*** 


£60 years 


22 


26,516 


8.30 


1 19 


122,703 


9.70 


0.86 (0.77, 0.95)** 


0.90 (0.57, 1 .42) 


Women 


















£20 years 


33 


17,674 


18.7 


13 


74,224 


1.75 


10.7 (9.29, 12.2)*** 


7.73 (3.93, 15.2)*** 


20-39 years 


44 


57,735 


7.62 


28 


230,276 


1.22 


6.27 (5.84, 6.72)*** 


3.89 (2.33, 6.52)*** 


40-59 years 


38 


55,154 


6.89 


52 


233,225 


2.23 


3.09 (2.90, 3.29)*** 


2.36 (1.53, 3.63)*** 


£60 years 
Men 


16 


20,61 1 


7.76 


76 


94,460 


8.05 


0.96 (0.86, 1.08) 


0.95 (0.55, 1 .64) 


£20 years 


5 


3,322 


15.1 


2 


1 3,842 


1.44 


10.4 (7.48, 14.5)*** 


9.03 (1.65, 49.3)* 


20-39 years 


13 


6,536 


19.9 


4 


26,935 


1.49 


13.4 (10.9, 16.5)*** 


8.40 (2.56, 27.6)*** 


40-59 years 


3 


6,722 


4.46 


15 


31,325 


4.79 


0.93 (0.74, 1.17) 


0.81 (0.23, 2.81) 


£60 years 


6 


5,906 


10.2 


43 


28,243 


15.2 


0.67 (0.53, 0.84)*** 


0.75 (0.32, 1 .78) 



Notes: "Incidence rate per 10,000 PY; t multivariate analysis including age, sex, and comorbidities. *P<0.05; **P<0.0l; ***P<0.00l. 

Abbreviations: SLE, systemic lupus erythematosus; IRR, incidence rate ratio; HR, hazard ratio; Event, epilepsy; PY, person-years; CI, confidence interval. 
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Table 3 Difference in the incidence of seizure types and the SLE cohort-to-non-SLE cohort IRR 



Variables 


SLE 












IRR (95% CI) 


Yes 






No 






Event 


PY 


Rate* 


Event 


PY 


Rate* 


Generalized 


41 


173,659 


2.36 


56 


732,531 


0.76 


3.09 (2.97, 3.21)*** 


Partial 


1 1 


173,659 


0.63 


14 


732,531 


0.19 


3.31 (3.18, 3.46)*** 


Unclassified 


106 


173,659 


6.10 


163 


732,531 


2.23 


2.74 (2.64, 2.85)*** 



Notes: "Incidence rate per [0,000 PY; *** P<0.00l. 

Abbreviations: SLE, systemic lupus erythematosus; IRR, incidence rate ratio; Event, epilepsy; PY, person-years; CI, confidence interval. 



by a comorbidity of intracerebral hemorrhage (aHR =5.75; 
95% CI =4.03-8.19), aseptic meningoencephalitis 
(aHR =5.35; 95% CI =3.46-8.27), and psychiatric disorder 
(aHR =3.31; 95% CI =2.40^.58). 

The mean follow-up periods were 5.38 years in the SLE 
cohort and 5.67 years in the non-SLE cohort. Figures 2A-E 
show the age-specific cumulative proportional incidence of 
epilepsy by the end of follow-up, compared between the two 
cohorts. The SLE cohort had a significantly higher epilepsy 
incidence than that of the non-SLE cohort, which was mea- 
sured for all subjects and for younger age groups (P<0.000 1), 
except for the elderly. The difference was the greatest for the 
subcohort of <20 years of age, as it was 1.55% greater for the 
SLE subjects than for the non-SLE subjects (1.75% versus 
0.20%, respectively; / , <0.0001). One-third of epilepsy cases 
in the young SLE patients occurred within 2 years after the 
diagnosis of SLE. 



Discussion 

The strength of the present study lies in using population 
data in order to represent the national population and to 
allow us to estimate the age-specific occurrences of epilepsy 
in both the general population and in patients with SLE. The 
rheumatologists and clinical physicians in Taiwan follow the 
1997 ACR classification criteria for SLE and NPSLE, which 
standardizes the database. 17 The retrospective follow-up 
design compared the epilepsy incidences between patients 
with SLE and the general population. Using the extended 
availability of claims data (with its high validity) also enables 
us to eliminate potential coding biases. 18 

Patients with lupus may suffer from various neurological 
symptoms, which contribute to a number of complications 
and mortality. 61920 Among the 19 ACR-defined neuropsy- 
chiatric symptoms, ranging from subtle signs of headache 
and mood disorders to severe life-threatening conditions of 



Table 4 Incidence rates of epilepsy by comorbidity and the SLE cohort-to-non-SLE cohort IRR and adjusted HR 


Variables 


SLE 

Yes 
Event 


PY 


Rate* 


No 
Event 


PY 


Rate* 


IRR (95% CI) 


Adjusted HRt (95% CI) 


Psychiatric disorder 


















No 


138 


166,012 


8.31 


205 


719,949 


2.85 


2.92 (2.81, 3.03)*** 


1 (reference) 


Yes 


20 


7,647 


26.2 


28 


12,582 


22.3 


1.18 (0.95, 1.45) 


3.31 (2.40, 4.58)*** 


Aseptic meningoencephalitis 


















No 


138 


171,203 


8.06 


226 


731,815 


3.09 


2.61 (2.51, 2.71)*** 


1 (reference) 


Yes 


20 


2,456 


81.4 


7 


716 


97.8 


0.83 (0.49, 1.41) 


5.35 (3.46, 8.27)*** 


Intracerebral hemorrhage 


















No 


145 


172,330 


8.41 


207 


728,426 


2.84 


2.96 (2.85, 3.07)*** 


1 (reference) 


Yes 


13 


1,329 


97.8 


26 


4,105 


63.3 


1.54 (1.07, 2.23)* 


5.75 (4.03, 8.19)*** 


Infarction 


















No 


126 


167,978 


7.50 


153 


716,325 


2.14 


3.5 1 (3.38, 3.65)*** 


1 (reference) 


Yes 


32 


5,681 


56.3 


80 


1 6,205 


49.4 


1.14 (0.93, 1.39) 


7.62 (5.87, 9.88)*** 


Headache 


















No 


154 


170,747 


9.02 


224 


729,272 


3.07 


2.94 (2.83, 3.05)*** 


1 (reference) 


Yes 


4 


2,912 


13.7 


9 


3,258 


27.6 


0.50 (0.32, 0.77)** 


1 .42 (0.78, 2.58) 


Peripheral neuropathy 


















No 


152 


172,004 


8.84 


231 


731,714 


3.16 


2.80 (2.70, 2.90)*** 


1 (reference) 


Yes 


6 


1,655 


36.3 


2 


817 


24.5 


1.48 (0.75, 2.92) 


1 .20 (0.57, 2.56) 



Notes: Incidence rate, per 10,000 PY; Multivariate analysis including age, sex, and comorbidities. *P<0.05; **P<0.0l; ***P<0.00l . 

Abbreviations: SLE, systemic lupus erythematosus; IRR, incidence rate ratio; HR, hazard ratio; Event, epilepsy; PY, person-years; CI, confidence interval 
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Figure 2 Kaplan-Meier method estimating the cumulative incidence of epilepsy in the SLE cohort and non-SLE cohort by age. 
Notes: (A) Overall; (B) <20 years old; (C) 20-39 years; (D) 40-59 years; and (E) a60 years. 
Abbreviation: SLE, systemic lupus erythematosus. 
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cerebrovascular accidents, myelopathy, and acute confusion, 
the risk of epilepsy needs adequate measurement. 68 The pri- 
mary central nervous system involvement for SLE patients 
is a challenge for diagnosis, as manifestations can be focal, 
diffuse, or a combination thereof. 815 As a result, studies have 
focused on the neurological manifestations in order to reduce 
complications and mortality. 19 The diagnosis of NPSLE con- 
current with SLE is one of the most difficult challenges for 
clinicians because of the diversity of complications. 7 

Results of the retrospective cohort analysis in this 
study demonstrated an overall incidence of epilepsy that 
was nearly threefold higher in the SLE cohort than in the 
non-SLE cohort, though the severities of the disorders are 
not available from the claims database. Findings from this 
study confirm our hypothesis that, with a reference cohort, 
the epilepsy manifestation may occur at a high risk after 
SLE is diagnosed. 21 Younger SLE patients are at the highest 
risk, and females are more vulnerable than males for the 
risk of SLE. 

The pathophysiologic mechanisms of neuronal damage 
from seizures and psychotic episodes for SLE patients have 
been associated with inflammatory cytokines, autoantibodies, 
and specific and nonspecific immune complexes. 14 - 22 SLE 
patients are thus at an elevated risk of vasculopathic, cyto- 
toxic, and autoantibody-mediated neuronal injury. The con- 
sequent microvasculopathy is common in SLE patients, with 
microscopic brain findings mainly relating to complement 
activation and antiphospholipid antibodies (APS). 23 The exact 
cause of APS has not been well clarified, but the activation of 
the coagulation system is evident. 24 For this reason, secondary 
APS may cause blood to flow improperly and provoke blood 
clots in vessels leading to subsequent disorders in the central 
and peripheral nervous systems. 25 - 26 Serum antineuronal 
antibodies are prevalent in patients with SLE suffering from 
neurological manifestations subsequent to encephalopathies 
and seizures. 27 

This study also shows that SLE patients are therefore 
more likely to suffer from strokes than those in the general 
population without lupus. The APS antibody may trigger 
the formation of blood clots and may attack cell membranes 
inside blood vessels, which travel to the brain and can cause 
embolic strokes. 28 Inflammation inside blood vessel walls 
that causes vasculitis is particularly dangerous in the brain, 
and can lead to a stroke episode. 29 However, therapeutic 
strategies recommended for NPSLE manifestations remain 
limited. Biologic agents targeting specific pathways have 
been proposed as new tools for SLE treatment. Among them, 
B-cell-targeted therapeutic experiments are considered to be 



at the forefront in the treatment of SLE. The open-label and 
randomized clinical trials have shown treatment efficacy 
for SLE, and treatments may also be potentially effective 
for NPSLE. 30 

It is important to note in the present study that the mean 
annual age-specific occurrences of epilepsy are different 
between SLE patients and the non-SLE general population. 
The incidence and prevalence rates of epilepsy slightly 
decrease with age in patients with SLE, while the incidence 
and prevalence rates of the disease sharply increase with age, 
beginning at 40-50 years of age in the general population. 
The U-shaped age-specific prevalence of epilepsy in the 
general population is consistent with findings from a previous 
study. 31 A Finland study 32 also found that epilepsy prevalence 
was 0.39 per 100 for 6-15-year-old children in the general 
population, which is comparable to the prevalence of 0.5 1 per 
100 in 6-12-year-old children in Norway. 33 Both prevalence 
rates are lower than our finding of 0.75 per 100 for children. 
An Italian study also found a U-shaped prevalence of epi- 
lepsy as a function of age that was much higher in children 
aged 5-14 years (5.05 per 1,000), which was approximately 
1 .7-fold higher than the average prevalence rate in the whole 
population. 34 The age-specific analyses in our study are 
characterized by the cross-over in incidence and prevalence 
rates between SLE patients and the general population. In 
the retrospective cohort analysis, we found that children with 
SLE are at the greatest risk of developing epilepsy. 

It is likely that the etiology of epilepsy is different 
between the general population and patients with SLE. 35 - 36 
In non-SLE subjects, the occurrence of epilepsy could mainly 
be due to other disorders and aging, especially starting at 
40 years of age. Reproductive events, higher APS, and other 
psychiatric and neurodevelopmental conditions may have a 
stronger association with developing epilepsy events in the 
general population. 36 38 Our study found that comorbidities 
increase the epilepsy risk dramatically, particularly among 
those with cerebrovascular disorders and aseptic meningo- 
encephalitis. Intracerebral hemorrhage and infarction that 
increase with age may have greater contributions to the 
epilepsy risk in the older general population. The lower 
incidence and prevalence of epilepsy in older SLE patients 
may be due to higher mortality from SLE. 

This study used a population dataset to conduct a natural 
history study evaluating the epilepsy risk for SLE patients. 
However, certain limitations are still present in this study. 
Although SLE is considered to be a severe catastrophic 
illness in Taiwan, and although patients are registered with 
the physician's approval and evaluation by the National 
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Bureau of Insurance, some patients are reluctant to apply for 
catastrophic care, and these patients may thus be included in 
the non-SLE cohort. 39 However, the size of this population is 
likely to be insignificant. Furthermore, given that informa- 
tion on clinical conditions, laboratory data, images, and the 
severity of SLE may not all be available, we were unable to 
account for these factors in our evaluation of epilepsy risk. 
Another limitation is that information on SLE-related disease 
activity and damage was also unavailable from the insurance 
database. Given that we were unable to make a clear distinc- 
tion between acute symptomatic and unprovoked epilepsy in 
this nationwide population-based study, residual confounding 
variables cannot be completely ruled out based on the avail- 
able data. Although the ACR has defined 1 9 forms of NPSLE, 
the numbers of epilepsy cases identified in this study are not 
large enough to differentiate between how other manifesta- 
tions are associated with the occurrence of epilepsy. 

Despite the limitations, this study indicates that the age- 
specific incidence and prevalence of epilepsy tend toward 
opposite directions between SLE patients and the general 
population, which may reflect etiological variation. While 
the causes of occurrences of epilepsy are often difficult to 
determine, SLE is a known cause; the current study clearly 
showed that seizures tend to appear early in the course of 
SLE. Due to the often subtle and variable courses of NPSLE, 
clinical physicians are aware of the need to carefully search 
for the potential etiologies of undetermined neurological 
diseases. An epilepsy prevention program for young SLE 
patients deserves greater attention. 
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